NAVAL  HEALTH  RESEARCH  CENTER 


REDUCING  THE  LOGISTICAL 
FOOTPRINT  OF  FORWARD  RESUSCITATIVE 
SURGICAL  UNITS  USING  A  PATIENT-DRIVEN 
MODEL  OF  CLINICAL  EVENTS 


M.  R.  Galameau 
P.  J.  Konoske 
K.  E.  Emens-Hesslink 
G.  Pang 

19980323  122 


Report  No,  98-1 


Approvtd  for  public  raioBio:  dtetrlbution  unllinittd. 


NAVAL  HEALTH  RESEARCH  CB4TER 
P.O.BOX  85122 

SAN  DIEGO,  CAUFORNIA  92186  -  5122 

NAVAL  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
BETHESDA,  MARYLAND 


Reducing  the  Logistical  Footprint  of  Forward  Resuscitative  Surgical 
Units  Using  a  Patient-Driven  Model  of  Clinical  Events 


Michael  R.  Galameau' 
Paula  J.  Konoske' 
Kristee  E.  Emens-Hesslink^ 
Gerald  Pang' 


‘Naval  Health  Research  Center 

Medical  Information  Systems  and  Operation  Research  Department 

P.O.  Box  85122 
San  Diego,  CA  92186-5122 


^GEO-Centers,  Inc. 
Seven  Wells  Avenue 
Newton  Centre,  MA  02159 


Report  No.  98-1,  supported  by  the  Office  of  Naval  Research,  Arlington,  VA,  Department 
of  the  Navy,  under  Work  Unit  No.  63706N-M0095-6510.  The  views  expressed  in  this 
article  are  those  of  the  authors  and  do  not  reflect  the  official  policy  or  position  of  the 
Department  of  Defense  or  the  U.S.  Government.  Approved  for  public  release;  distribution 
is  unlimited. 


TABLE  of  CONTENTS 


Summary .  iii 

•  Introduction .  1 

Method .  2 

NHRC  Medical  Supply  Model .  2 

Data  Collection .  2 

Projecting  Medical  Supply  Requirements .  4 

Results  and  Discussion .  5 

PC  Surgical  Candidates .  5 

Forward  Resuscitative  Procedures .  5 

Number  of  Surgical  Cases  per  AMAL  Block .  7 

Operating  Room  Equipment  AMAL  639  Requirements .  8 

Operating  Room  Consumable  AMAL  640  Requirements .  9 

Conclusions .  1 1 

References .  12 

Appendices 

A.  DEPMEDS  Patient  Conditions  &  Forward  Surgical  Candidates .  A-1 

B.  Operating  Room  Equipment  Sets .  B-1 

C.  Proposed  AMAL  639  -  Operating  Room  Equipment .  C-1 

'll 

D.  Consumable  Requirements  for  Operating  Room  Procedures .  D-1 

E.  Proposed  AMAL  640  -  Operating  Room  Consumables .  E-1 


11 


Summary 


Problem 

As  expressed  in  Marine  Corps  guidance  Operational  Maneuver  from  the  Sea  (OMFTS)', 
the  Marine  Corps  is  evolving  into  a  rapid  reaction  force  with  a  sea-based  operational 
station  that  will  allow  rapid  progress  from  ship  to  objective  with  no  large  or  lengthy 
buildup  on  shore.  Moving  towards  a  concept  of  medical  organization  that  can  begin  to 
achieve  these  objectives  brings  particular  challenges  when  examining  forward 
resuscitative  smgical  units.  Surgical  units  must  be  small  enough  to  perform  abbreviated, 
staged  surgical  procedures  in  forward  areas  in  order  to  accommodate  today’s  operational 
requirements  for  greater  battlefield  mobility. 

Objective 

The  primary  objective  of  this  project  is  to  develop  a  model  of  the  far  forward  medical 
supply  stream  that  links  specific  clinical  requirements  to  individual  medical  treatment 
items.  This  process  produces  an  audit  trail  for  each  item  in  the  Marine  Corps  supply 
system.  The  audit  trail  provides  medical  planners  and  logisticians  with  a  management 
tool  for  maintaining  and  updating  supplies  linking  the  AMAL  materiel  with  Marine 
Corps  specific  requirements.  In  the  present  paper,  scenario-specific  requirements  also  are 
used  to  determine  the  optimal  medical  configuration  necessary  to  support  forward 
resuscitative  surgery. 

Approach 

One  hundred  fifteen  clinical  Subject  Matter  Experts  (SMEs)  with  operational  experience 
assisted  in  the  development  of  Marine  Corps  specific  treatment  profiles  for  the  350 
DEPMEDS  Patient  Conditions  (PCs).  The  PCs  reflected  the  range  of  injuries,  diseases 
and  non-battle  injuries  known  to  occur  in  theater.  From  the  treatment  profiles,  the  specific 
medical  tasks  performed  forward  for  each  PC  were  identified.  Then,  medical 
consumables  and  equipment  were  assigned  by  the  SMEs  to  each  task  and  its  associated 
PC,  establishing  a  clinical  requirement  for  each  piece  of  materiel.  Following  the 
establishment  of  the  clinical  requirements  for  the  supply  items,  a  revised  operating  room 
equipment  AMAL  639  was  produced  and  compared  to  the  cunent  operating  room 
equipment  AMAL. 

To  determine  the  amoimt  and  type  of  consumable  supply  requirements  for  the  operating 
room  consumable  AMAL  640,  a  patient  generating  model,  PATGEN,  was  used  to  project 
the  frequency  of  PCs  likely  to  occur  in  theater.  A  computer  program  was  developed  to 
determine  the  number  and  types  of  operating  room  procedures  that  would  need  to  be 
conducted  to  effectively  provide  resuscitative  surgery  to  the  projected  casualty  load. 
Using  knowledge  of  the  type  and  frequency  of  surgical  tasks  to  be  performed,  the  type 
and  quantity  of  medical  materiel  was  then  derived.  When  the  supply  composition  of  the 
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proposed  consximable  AMAL  640  had  been  determined,  it  was  compared  to  the  current 
Marine  Corps  operating  room  consumable  AMAL  640. 

Results 

An  examination  of  the  treatment  profiles  showed  that  72  of  the  350  PCs  qualified  as 
potential  forward  surgical  candidates.  From  the  treatment  profiles,  14  surgical  procedures 
and  9  non-surgical  operating  room  tasks  were  identified. 

Casualty  projections  were  calculated  for  each  surgical  candidate  PC  and  the  supplies 
necessary  to  surgically  stabilize  and  resuscitate  those  PCs  generated.  An  examination  of 
the  supply  requirements  showed  that  when  compared  to  the  current  operating  room 
AMAL  configurations,  reductions  in  number  of  items,  weight  and  cube  were  realized  for 
both  the  equipment  and  consumable  operating  room  AMALs.  The  percent  reductions  are 
shown  below. 

Percent  Reduction  In  Proposed  AMALs  When  Compared  to  Current  AMALs 


Operating  Room 
Equipment  AMAL 
639 

Operating  Room 
Consumable  AMAL 
640 

No.  of  Items 

-23.9% 

-28.5% 

Weight  (lbs.) 

-15.0% 

-22.4% 

Volume  (cu.  ft.) 

-13.2% 

-36.3% 

Conclusions 

It  was  demonstrated  that  significant  reductions  in  the  logistical  burden  carried  by  Marine 
Corps  forces  can  be  achieved  by  modeling  the  clinically  relevant  elements  of  the  theater 
of  operations.  Developing  clinical  profiles  and  assigning  supplies  to  achieve  a  desired 
level  of  care  as  defined  by  mission,  policy,  and  doctrine  allows  medical  support  to  be 
more  scenario-based  and  more  capable  of  rapid  and  efficient  delivery.  As  policy  and 
doctrine  continue  to  evolve,  the  model  presented  in  this  paper  can  be  modified  to  project 
medical  supply  requirements  for  the  continually  changing  scope  of  the  forward  medical 
mission. 
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Reducing  the  Logistical  Footprint  of  Forward  Resuscitative  Surgical  Units 
Using  a  Patient-Driven  Model  of  Clinical  Events 


INTRODUCTION 

Marine  Corps  medical  units  are  currently  engaging  in  a  re-examination  of  the  methods  in  which 
they  provide  health  care  to  deployed  units.  As  expressed  in  Marine  Corps  guidance  Operational 
Maneuver  from  the  Sea  (OMFTS)\  the  Marine  Corps  is  evolving  into  a  rapid  reaction  force,  with 
a  sea-based  operational  station  that  will  allow  rapid  progress  from  ship  to  objective  with  no  large 
or  lengthy  buildup  on  shore.  Moving  units  rapidly  and  effectively  requires  streamlining 
operations  to  improve  responsiveness.  Furthermore,  objectives  identified  in  the  Medical 
Readiness  Strategic  Plan  2001  (MRSP-2001)  outline  the  necessity  of  tailoring  medical  capability 
to  support  evolving  doctrinal  guidance.  To  achieve  these  objectives,  MRSP-2001  challenges  the 
medical  conummity  to  develop  and  implement  more  flexible  and  mobile  medical  units^. 

Moving  toward  a  concept  of  medical  organization  that  can  begin  to  achieve  these  objectives 
brings  particular  challenges  when  examining  forward  resuscitative  surgical  units.  Surgical  units 
must  be  small  enough  to  perform  abbreviated,  staged  surgical  procedures  in  forward  areas  in 
order  to  accommodate  today’s  operational  requirements  for  greater  battlefield  mobility^. 
Accomplishing  this  objective  requires  reducing  the  logistical  footprint  of  the  forward 
resuscitative  surgical  function.  This  reduction,  however,  must  occur  without  compromising  the 
quality  of  clinical  care  rendered  by  the  forward  forces. 

Matching  the  speed  and  mobility  of  assault  forces  requires  the  development  of  flexible  and 
efficient  Authorized  Medical  Allowance  Lists  (AMALs).  Mission-specific  standards  of  care  and 
clinical  requirements  for  the  items  pushed  forward  must  be  established  so  that  only  those  items 
required  to  achieve  the  standards  of  care  are  stocked.  In  this  way  the  medical  support  is  scenario- 
beised  and  capable  of  quick  and  efficient  delivery. 

Recent  efforts  at  the  Naval  Health  Research  Center  (NHRC)  have  yielded  significant  reductions 
in  materiel  requirements  for  some  forward  area  supply  blocks  by  applying  such  an  approach'*  ^ 
By  identifying  the  doctrinally  defined  standard  of  care  and  by  establishing  the  clinical 
requirements  for  items  needed  to  attain  that  level  of  care,  NHRC  has  reduced  the  logistical 
burden  carried  by  the  medical  battalions  without  reducing  the  level  or  quality  of  care  provided. 
These  reductions  in  materiel  were  achieved  (1)  by  establishing  the  clinical  requirement  for  each 
item  and  by  including  only  those  items  with  an  identified  requirement  in  the  supply  stream,  and 
(2)  by  incorporating  the  element  of  scenario-specific  operational  parameters  that  would  likely 
impact  supply  projections.  In  the  present  study,  both  of  these  elements  were  incorporated  in  a 
model  that  was  used  to  produce  the  optimal  medical  supply  configuration  necessary  to  support 
operating  room  functional  requirements  for  forward  resuscitative  surgical  capability. 
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METHOD 


The  NHRC  model  was  designed  to  interface  with  the  Echelons  III  and  IV  Deployable  Medical 
Systems  (DEPMEDS)  model^.  The  DEPMEDS  model,  which  consists  of  databases  arranged  in  a 
relational  structure  named  the  “Time,  Task,  Treater”  files,  was  developed  to  standardize  medical 
materiel  and  to  assemble  it  into  sets  so  that  each  of  the  services  could  configure  medical  facilities 
according  to  its  own  unique  requirements.  The  data  in  the  DEPMEDS  model  are  based  upon 
treatment  protocols  for  319  (numbered  1-350)  Patient  Conditions  (PCs),  each  representing  a 
grouping  of  closely  related  diagnoses,  which  are  considered  representative  of  the  injuries 
expected  to  occur  in  theater’.  To  build  upon  this  existing  standard,  the  structural  characteristics  of 
the  Echelon  I  and  II  NHRC  databases  are  compatible  with  those  of  the  DEPMEDS  Time,  Task, 
Treater  files.  Because  both  the  DEPMEDS  and  NHRC  models  share  a  common  structural  design, 
the  two  models  can  eventually  be  combined  to  produce  a  seamless  methodology  for  projecting 
medical  materiel  requirements  from  the  First  through  the  Fourth  Echelon. 

NHRC  Medical  Supply  Model 

The  350  DEPMEDS  PCs  form  the  core  around  which  the  NHRC  Echelon  I  and  II  model  was 
developed  (see  Appendix  A  for  a  complete  list).  The  medical  tasks  required  to  treat  these  PCs  at 
the  three  levels  of  care  under  investigation  (Echelon  la-Battlefield,  Echelon  Ib-Battalion  Aid 
Station,  and  Echelon  Il-Surgical  Company)  were  identified.*  This  process  produced  a 
preliminary,  step-by-step  treatment  protocol  for  each  PC.  These  PC  treatment  protocols  were 
then  used  to  assign  the  consumable  and  equipment  requirements  necessary  to  administer  each  of 
the  medical  tasks. 

Data  Collection 

The  next  phase  in  development  of  the  model  required  Subject  Matter  Experts  (SMEs) 
experienced  in  Marine  Corps  Echelon  I  and  II  medical  care  to  (1)  validate  the  treatment  tasks  and 
their  assignments  to  the  PCs,  and  (2)  identify  the  appropriate  consumable  and  equipment  stream 
for  each  of  the  tasks.  To  achieve  this  objective,  surveys  were  constructed  for  each  of  the  PCs  and 
mailed  to  SMEs  with  operational  field  medical  experience. 

Participants.  One  himdred  fifteen  professionals  experienced  in  combat  casualty  care  participated 
in  the  study.  These  SMEs  were  drawn  from  20  Navy/Marine  Corps  commands  (see  Table  1).  The 
medical  specialties  within  this  group  of  SMEs  consisted  of  44  physicians,  surgeons,  and 
anesthesiologists,  6  physician’s  assistants,  1  pharmacist,  5  nurse  anesthetists,  7  general  care 
nurses,  17  surgical  technicians,  12  laboratoiy/x-ray  technicians  and  23  Independent  Duty 
Corpsmen  medical  course  instructors.  All  but  6  SMEs  had  significant  theater  operational 
experience  administering  combat  casualty  care  at  the  forward  echelons. 


*  Preliminary  identification  of  the  required  tasks  was  conducted  with  support  from  the  Army’s  Medical  Doctrine 
Development  Center  (AMEDD)  Ft.  Sam  Houston,  TX. 
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Table  1 

Subject  Matter  Expert  Command  Representation 


•  F’  Medical  Battalion 

Camp  Pendleton,  CA 

•  I®*  Medical  Logistics  Command 

Camp  Pendleton,  CA 

•  2"''  Medical  Battalion 

Camp  Lejeune,  NC 

•  2"'*  Medical  Logistics  Command 

Camp  Lejeune,  NC 

•  3*^^  Medical  Battalion 

Okinawa,  Japan 

•  Marine  Corps  Combat  Development 
Command,  Quantico,  VA 

•  4*  Medical  Battalion 

New  Orleans,  LA 

•  Marine  Corps  Systems  Command 
Quantico,  VA 

•  L*  Force  Service  Support  Group 

Camp  Pendleton,  CA 

•  Blount  Island  Command 

Jacksonville,  FL 

•  2"**  Force  Service  Support  Group 

Camp  Lejeune,  NC 

•  Naval  Hospital 

Camp  Pendleton,  CA 

•  1^  Marine  Expeditionary  Force 

Camp  Pendleton,  CA 

•  Naval  Hospital 

Camp  Lejeune,  NC 

•  Division  Surgeon’s  Office 

Camp  Pendleton,  CA 

•  Naval  Hospital 

Oak  Harbor,  WA 

•  Marine  Force  Pacific  (MARFORPAC) 
Camp  Smith,  HI 

•  Navy  Medical  Center 

Twentynine  Palms,  CA 

•  Naval  Medical  Logistics  Command 

Ft  Detrick,  VA 

•  Navy  Medical  Center 

San  Diego,  CA 

•  Naval  Air  Station 

Lemoore,  CA 

•  Naval  School  of  Health  Sciences 

San  Diego,  CA 

Procedures.  A  total  of  176  surveys,  covering  176  of  the  PCs,  were  distributed  to  the  SMEs.  The 
176  PCs  were  selected  from  each  of  the  24  categories  of  injury  type.  Many  of  the  PCs  were 
similar  clinically  and  did  not  vary  in  terms  of  the  treatment  that  would  be  administered  at 
Echelons  I  and  II.  For  example,  PC  001  presents  a  cerebral  contusion  with/without  a  non- 
depressed  linear  skull  fracture-severe.  PC  002  presents  a  cerebral  contusion  with/without  a  non- 
depressed  linear  skull  fracture-moderately  severe.  The  treatment  tasks  required  to  stabilize  these 
two  PCs  at  Echelon  I  and  II  do  not  differ  significantly.  Because  of  the  high  degree  of  similarity 
between  many  of  the  PCs,  survey  data  could  sometimes  be  applied  to  more  than  one  PC. 
Consequently,  only  one  of  each  group  of  clinically  similar  PCs  was  surveyed  thereby  permitting 
the  data  from  the  176  surveyed  PCs  to  be  applied  to  the  remaining  rmsurveyed  (clinically  similar) 
PCs. 

The  surveys  served  two  primary  objectives.  The  first  was  to  have  the  SMEs  examine  the  tasks 
associated  with  each  of  the  PCs.  If  required,  they  were  to  adjust  the  task  profiles  for  each  of  the 
PCs  to  more  closely  reflect  Marine  Corps-level  care  rendered  at  the  forward  echelons.  The 
second  primary  objective  of  the  surveys  was  to  have  the  SMEs  identify  the  appropriate 
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consumable  and  equipment  supply  stream  required  to  administer  the  care  for  each  of  the 
treatment  tasks  at  the  forward  echelons.  A  more  detailed  description  of  the  surveys  used  to 
achieve  these  objectives  can  be  found  in  Galameau,  Mahoney,  Konoske,  and  Emens-Hesslink 
(1997)  (4).  A  total  of  77  (44%)  of  the  176  surveys  were  returned. 

Coverage  of  the  PCs  from  surveys  that  were  not  returned  was  accomplished  using  SME  clinical 
panels  which  were  formed  to  review  and  further  refine  the  data.  Participants  from  the  commands 
listed  in  Table  1  were  again  contacted  and  asked  to  participate  in  these  panels.  Because  the 
panels  were  formed  to  closely  examine  individual  areas  of  Marine  Corps  field  medicine, 
individuals  were  selected  on  the  basis  of  their  qualifications  and  experience  in  their  respective 
fields.  For  example,  the  clinical  panel  members  assembled  to  refine  die  task  and  supply  profiles 
for  surgical  functions  consisted  only  of  surgeons,  anesthesiologists,  nurse  anesthetists,  and 
surgical  technicians  trained  in  forward  resuscitative  surgery. 

Projecting  Medical  Supply  Requirements 

Medical  supply  estimates  were  projected  for  two  AMAL  blocks.  These  were  the  operating  room 
equipment  AMAL  639  and  the  operating  room  consumable  AMAL  640.  Equipment  items  are 
those  supplies  necessary  to  establish  a  two-table  surgical  field  and  are  generally  reusable.  Items 
in  this  category  include  medical  instrumentation  necessary  to  support  2  general  surgeons,  1 
anesthesiologist,  and  7  support  staff.  A  single  equipment  block  is  geared  to  support  an  operating 
room  for  an  extended  period  of  time.  Consumable  items,  however,  are  generally  single-use  items. 
As  these  items  are  utilized,  additional  AMAL  640  blocks  must  be  ordered  to  replenish  supplies. 
Each  AMAL  640  block  is  currently  designed  to  provide  resuscitative  and  stabilizing  surgical  care 
for  25  seriously  wounded  casualties.  The  AMAL  blocks  produced  in  the  current  study  were 
configured  to  achieve  similar  objectives. 

Projecting  equipment  requirements.  Obtaining  equipment  supply  estimates  for  the  AMAL  639 
required  that  the  clinical  requirement  for  each  item  be  established.  This  process  was 
accomplished  by  linking  each  equipment  item  considered  for  inclusion  in  the  AMAL  639  to  a 
known  medical  task  to  be  conducted  in  forward  resuscitative  surgery.  Once  each  item  in  the 
proposed  AMAL  639  was  identified,  the  amount  of  each  item  to  be  stocked  was  determined.  This 
was  accomplished  by  matching  item  quantity  with  the  requirement  that  the  AMAL  639  block 
support  an  operating  room  staff  responsible  for  providing  resuscitative  surgery  to  25  casualties  in 
a  two-table  operating  room  setting. 

Projecting  consumable  item  requirements.  As  with  the  equipment  AMAL  639,  the  clinical 
requirement  for  each  AMAL  640  consumable  item  was  first  identified.  This  was  accomplished 
by  selecting  only  those  consumable  items  that  could  be  matched  to  a  task  known  to  be  conducted 
in  a  forward  surgical  setting.  Calculating  the  amount  of  each  consumable  item  to  stock,  however, 
was  accomplished  differently  than  it  was  with  the  AMAL  639.  Because  consumable  items  are,  by 
definition,  patient  driven,  the  amount  of  each  required  is  highly  dependent  upon  the 
characteristics  of  the  patient  stream.  Therefore,  advance  knowledge  of  casualty  characteristics 
would  allow  for  the  configuration  of  a  supply  stream  that  is  uniquely  tailored  to  the  number  and 
type  of  casualties  anticipated.  In  the  present  study,  the  PCs  expected  to  be  potential  forward 
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resuscitative  surgical  cases  were  identified.  SMEs  created  a  treatment  profile  for  each  of  the  PCs, 
which  provided  the  individual  operating  room  tasks  and  procedures  that  would  be  performed  for 
each  and  then  assigned  the  necessary  supplies  required  to  perform  the  tasks  and  procedures. 
Knowledge  of  the  tasks  and  supplies  required  to  treat  each  of  the  surgical  PCs  provides  sufficient 
data  to  project  a  highly  tailored  supply  stream  when  the  number  of  each  anticipated  PC  is 
projected. 

The  Army’s  patient  generating  model,  PATGEN  (U.S.  Army  Medical  Department  and  School)*, 
was  used  to  obtain  the  projected  number  of  PCs  from  which  to  estimate  supply  requirements. 
This  model  utilizes  user-defined  input,  such  as  geographical  location,  battle  intensity,  troop  mix, 
and  rate  of  buildup  to  project  both  the  number  of  anticipated  casualties  and  the  distribution  of 
PCs  at  each  echelon  of  care  firom  la  through  V.  To  project  the  appropriate  supply  mix  for  the 
maritime  prepositioned  force,  two  separate  runs  of  the  PATGEN  model  were  performed.  One  run 
produced  the  PC  distribution  for  Major  Regional  Contingency  (MRC)  East  and  the  second  for 
MRC  West.  Both  runs  projected  the  casualty  PC  profiles  for  the  first  60  days  of  a  worst-case 
scenario  conflict. 

Examination  of  the  distribution  of  surgical  PCs  firom  each  of  the  MRCs  showed  differences  in 
the  PC  profiles.  The  differences  in  the  munber  of  surgical  PCs  expected  to  present  at  a  forward 
facility  were  particularly  acute  in  the  category  of  extremity  wounds.  To  assure  that  the  Maritime 
Preposition  Force  war  reserve  AMALs  were  adequately  configured  to  support  any  anticipated 
contingency,  modifications  were  made  in  the  patient  stream  before  it  was  loaded  into  the  model. 
The  objective  of  the  modifications  was  to  combine  the  anticipated  casualty  rates  such  that  a 
single  patient  stream  representative  of  both  MRCs  resulted.  This  was  accomplished  by 
examining  each  surgical  PC  and  selecting  the  rate  firom  the  MRC  with  the  highest  fi-equency  of 
occurrence.  While  this  process  produced  a  single  patient  stream  with  the  critical  characteristics  of 
both  MRCs  represented,  the  number  of  casualties  loaded  into  the  model  was  somewhat  higher 
than  would  be  expected  to  result  firom  an  individual  MRC. 

RESULTS  and  DISCUSSION 


PC  Surgical  Candidates 

To  qualify  as  a  potential  forward  surgical  case,  PCs  were  rated  on  the  need  for  surgery  to  sustain 
life  or  maintain  limb  viability  until  evacuated  to  a  definitive  facility.  Based  upon  these  criteria, 
SMEs  identified  72  of  the  350  PCs  as  candidates  for  forward  resuscitative  surgery.  These  PCs  are 
listed  in  bold-faced  type  in  Appendix  A. 

Forward  Resuscitative  Surgical  Procedures 

SMEs  further  created  an  operating  room  treatment  profile  for  each  of  the  72  PCs.  An 
examination  of  these  profiles  revealed  14  surgical  procedures  that  would  be  performed  on  the  72 
PCs  to  sustain  life  or  limb.  These  procedures  are  presented  in  Table  2. 
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Table  2 

Forward  Resuscitative  Surgical  Procedures 


Task# 

Procedure 

•  455 

Amputation  through  upper  arm 

•  456 

Amputation  through  forearm 

•  457 

Amputation  through  upper  leg 

•  458 

Amputation  through  lower  leg 

Bowel  closure/resection 

•  403 

Burr  hole  procedure 

•  106 

Escharotomy 

•  467 

Fasciotomy 

tMsm 

Kidney  repair 

•  372 

Liver  operation  (not  resection) 

•  508 

Nephrectomy 

00 

00 

• 

Neck  structure  repair 

•  373 

Splenectomy 

•  494 

Thoracotomy 

•  358 

Tracheostomy 

•  509 

Urinary  bladder  repair 

•  Z378 

Vascular  repair-temporary/Ligation 

In  addition  to  the  14  surgical  procedures,  the  operating  room  treatment  profiles  revealed  3 
anesthesia  procedures  and  5  non-surgical  tasks  that  would  also  be  performed  on  the  72  PCs  (see 
Table  3). 


Table  3 

Non-Surgical  Operating  Room  Procedures 


Task# 

Procedure 

•  530 

Induce/Maintain  general  anesthesia 

•  533 

Induce/Maintain  nerve  block 

•  535 

Induce/Maintain  spinal  anesthesia 

•  537 

Recovery/Release  from  anesthesia 

•  351 

Operating  room  team  preparation  (surgical  hand  scrub) 

•  344 

Patient  preparation  in  the  operating  room 

•  354 

Operating  room  cleanup 

•  ZZ18 

Clean/Sterilize  instruments 
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Number  of  Surgical  Cases  per  AMAL  Block 


Each  current  surgical  consumable  block  is  configured  to  treat  25  generic  trauma  cases.  Because 
the  specific  surgical  procedures  to  be  performed  is  now  known,  the  proposed  AMAL  640  can  be 
stocked  to  treat  only  those  procedures  expected  to  be  required,  thereby  optimizing  the 
consumable  supply  mix.  To  stock  the  AMAL  640  with  supplies  necessary  to  execute  only  those 
procedures  expected  to  be  performed  required  first  calculating  the  total  number  of  each  surgical 
procedure  from  the  casualty  estimates  derived  from  the  combined  MRC  East  and  MRC  West 
data.  The  number  of  each  individual  procedure  expected  was  then  divided  into  the  total  number 
of  procedures  in  the  combined  MRC  EastAVest  casualty  estimates  to  yield  the  proportional 
values  listed  in  the  second  column  of  Table  4.  To  calculate  the  number  of  each  procedure  the 
proposed  AMAL  640  would  need  to  accommodate  was  determined  by  dividing  the  total 
proportion  of  each  expected  procedure  into  25  -  the  minimum  number  of  cases  the  AMAL  640 
must  be  capable  of  treating.  These  data  are  shown  in  the  third  column  of  Table  4.  Because  the 
number  of  cases  of  each  procedure  was  rounded  up  to  the  next  highest  whole  number,  the  total 
number  of  procedures  the  proposed  640  could  treat  is  33.  An  examination  of  the  effect  of  this 
higher  number  of  cases  showed  that  it  failed  to  significantly  increase  the  required  number  of 
supplies. 


Table  4 

Number  of  Surgical  Cases  per  AMAL  Block 


Surgical  Procedures 

Proportion 

Cases 

p/AMAL 

•  Vascular  repair-temporary/Ligate 

20.2% 

6 

•  Amputation  through  arm/leg 

15.6% 

4 

•  Bowel  closure/resection 

14.8% 

4 

•  Tracheostomy 

13.1% 

4 

•  Thoracotomy 

8.9% 

3 

•  Splenectomy 

5.2% 

2 

•  Neck  structure  repair 

5.0% 

2 

•  Liver  operation  (not  resection) 

4.6% 

2 

•  Burr  hole  procedure 

4.2% 

2 

•  Urinary  bladder  repair 

4.0% 

1 

•  Escharotomy 

2.2% 

1 

•  Kidney  repair/Nephrectomy 

1.7% 

1 

•  Fasciotomy 

0.5% 

1 

Total 

100% 

33 

Once  the  proportion  of  each  procedure  had  been  determined,  the  procedures  were  combined  into 
anatomical  categories  to  determine  the  overall  probability  that  a  particular  group  of  surgical 
procedures  would  be  performed  (see  Table  5). 
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Table  5 

Proportion  of  Resuscitative  Surgical  Procedures  Expected  by  Anatomical  Category 


Anatomical  Category 

Proportion 

•  Abdomen/Pelvis 

30.6% 

•  Lower  Limb 

26.6% 

•  Thoracic 

21.9% 

•  Upper  Limb 

9.6% 

•  Head/Neck 

9.1% 

•  Bum  -  General 

2.2% 

Total 

100% 

Operating  Room  Equipment  AMAL  639  Requirements 

Assigning  the  medical  supplies  to  each  of  the  procedures  listed  in  Tables  2  and  3  was  the  link 
that  established  the  clinical  requirement  for  each  equipment  item.  Once  each  of  the  items 
required  to  conduct  the  procedures  was  identified,  they  all  were  organized  into  operating  room 
equipment  sets.  SMEs  then  determined  the  minimum  number  of  each  set  required  to  equip  the 
operating  room.  Table  6  shows  each  of  the  sets  and  the  number  required.  Each  set  and  its 
corresponding  items  are  listed  in  Appendix  B. 


Table  6 

Operating  Room  Equipment  Sets 


Equipment  Set 

Num.  Req. 

•  Basic  major  set 

5 

•  Orthopedic  supplement  (amputation  only) 

3 

•  Neurosurgical  supplement  (burr  hole  only) 

2 

•  Thoracic  supplement 

3 

•  General  operating  room  equipment 

2 

•  General  anesthesia  set 

2 

•  Nerve  block  anesthesia  set 

2 

•  Spinal  anesthesia  set 

2 

Once  SMEs  identified  and  linked  the  equipment  items  to  procedures  and  determined  the 
appropriate  number  of  sets,  the  proposed  operating  room  equipment  AMAL  639  could  be  fiilly 
configured.  Appendix  C  shows  the  proposed  AMAL  639  listing  National  Stock  Number  (NSN), 
item  nomenclature,  quantity  of  item  required,  item  weight,  and  item  cubic  volume.  Items  that 
were  added  to  upgrade  clinical  capability  are  marked  with  an  asterisk. 
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When  the  composition  of  the  proposed  AMAL  639  had  been  determined,  it  was  compared  to  the 
current  Marine  Corps  AMAL  639.  It  can  be  seen  from  Table  7  that  the  proposed  equipment 
AMAL  639  contains  54  fewer  items.  This  represents  a  23.9%  reduction  in  the  nximber  of  items. 
Reductions  in  the  weight  and  cubic  volume  were  also  realized  when  compared  with  the  current 
AMAL  639.  Table  7  further  shows  that  by  establishing  the  clinical  requirement  for  each  item, 
weight  could  be  reduced  15.0%  and  the  cubic  volume  by  13.2%. 

Table  7 

Comparison  Between  Current  and  Proposed  Operating  Room  Equipment  AMAL  639 


No.  of  Items 

Weight 

Cubic  Volume 

Current  639 

226 

4081.3  lbs. 

360.5  cu.ft. 

Proposed  639 

172 

3467.6  lbs. 

312.8  cu.ft. 

%  Reduction 

-23.9  % 

-15.0  % 

-13.2% 

While  significant  reductions  were  realized,  no  decreases  in  clinical  capability  have  occurred 
because  the  only  items  removed  were  those  that  failed  to  yield  a  clinical  requirement  within  the 
context  of  the  doctrinal  mission  for  forward  resuscitative  surgery.  For  example,  alveolar  clamps, 
dental  impression  trays,  and  root  elevators  were  deleted  because  no  overriding  clinical 
requirement  for  these  items  could  be  identified.  Other  materiel  were  removed  becaxise  of 
redundancy  such  as  the  stand-alone  pulse  oximeters  which  duplicated  the  built-in  oximetry 
capability  of  the  Propaq™  physiological  monitors. 

Operating  Room  Consumable  AMAL  640  Requirements 

As  previously  discussed,  SMEs  assigned  the  items  necessary  to  perform  each  of  the  procedures 
known  to  be  conducted  in  the  operating  room.  As  with  the  equipment  items,  this  process 
established  the  clinical  requirement  for  each  item  of  consumable  materiel.  The  consumables  for 
each  of  the  tasks  are  presented  in  Appendix  D.  This  process  provided  the  list  of  consumable 
AMAL  640  items  that  would  be  both  stocked  in  the  proposed  AMAL  640  and  loaded  into  the 
model  to  determine  the  quantity  of  each  to  stock.  It  should  be  noted  that  one  additional  set  of 
consumable  items  is  listed  on  the  first  page  of  Appendix  D.  This  is  the  basic  operating  room 
consumable  setup.  Since  the  basic  set-up  is  used  for  all  procedures  except  eschartomies, 
fasciotomies,  and  tracheostomies,  it  was  listed  as  its  own  set  of  materiel.  The  procedures  that 
require  the  basic  setup  are  identified  in  Appendix  D.  Furthermore,  the  particular  equipment  sets 
required  for  each  of  the  procedures  are  also  shown  in  Appendix  D. 

Determining  the  quantity  of  each  consumable  item  to  stock  was  conducted  using  the  expected 
number  of  each  of  the  forward  surgical  procedures  the  AMAL  640  must  be  equipped  to  perform. 
Obtaining  final  consumable  quantities  was  accomplished  by  multiplying  the  amoimt  of  each 
consumable  required  by  the  number  of  times  the  procedure  requiring  the  consumable  was 
anticipated  to  be  performed.  For  example,  SMEs  assigned  one  55-unit  multi-fire  titanium  3.5mm 
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wide  disposable  staple  gun  to  both  the  bowel  wound  closure/resection  procedure  and  the 
thoracotomy  procedure.  The  AMAL  640  must  be  stocked  to  perform  4  bowel  procedures  and  3 
thoracotomies  (Table  4),  resulting  in  a  total  required  quantity  of  7  of  this  type  of  stapler.  These 
staplers  come  3  to  a  package.  Therefore,  the  final  number  of  packages  that  will  be  stocked  in  the 
AMAL  640  is  3. 

Once  SMEs  had  identified  and  linked  the  consumable  items  to  the  procedures,  the  proposed 
operating  room  equipment  AMAL  640  could  be  fully  configured.  Appendix  E  shows  the 
proposed  AMAL  640  listing  NSN,  item  nomenclature,  quantity  of  item  required,  item  weight  and 
item  cubic  volume.  Items  that  were  added  to  upgrade  clinical  capability  are  marked  with  an 
asterisk. 

When  the  composition  of  the  proposed  AMAL  640  had  been  determined,  it  was  compared  to  the 
current  Marine  Corps  AMAL  640.  It  can  be  seen  from  Table  8  that  the  proposed  consumable 
AMAL  640  contains  71  fewer  items.  This  represents  a  28.5%  reduction  in  the  number  of  items. 
Reductions  in  the  weight  and  cubic  volume  were  also  realized  when  compared  with  the  current 
AMAL  640.  Table  8  further  shows  that  by  establishing  the  clinical  requirement  for  each  item, 
weight  could  be  reduced  22.4%  and  the  cubic  volume  by  36.3%. 


Table  8 

Comparison  Between  Current  and  Proposed  Operating  Room  Consumable  AMAL  640 


No.  of  Items 

Weight 

Cubic  Volume 

Current  640 

249 

1668.9  lbs 

113.1  cu.ft. 

Proposed  640 

178 

1295.8  lbs 

72.1  cu.  ft. 

%  Reduction 

-28.5  % 

-22.4  % 

-36.3  % 

While  significant  reductions  in  the  number  of  items,  weight  and  volume  were  realized,  the 
clinical  capability  of  the  consumable  AMAL  640  was  not  decreased.  Items  deleted  were  limited 
to  those  that  had  no  clinical  requirement  within  the  context  of  the  forward  surgical  mission  or 
that  were  redundant.  For  example,  tubular  finger  gauze  and  dental  impression  powder  were 
deleted  because  no  clinical  requirement  could  be  found  to  justify  their  inclusion  at  this  level  of 
care.  Redundancy  within  the  block  was  also  eliminated.  For  example,  one  of  the  two  types  of 
size  16  FR  foley  catheters  was  deleted  from  the  AMAL  640.  Still,  other  items  were  deleted 
because  the  equipment  that  used  them  had  been  deleted  in  previous  AMAL  reviews  such  as  the 
packages  of  the  thoracic/abdominal  staples  that  could  not  be  used  because  the  stainless  steel 
staplers  were  no  longer  in  the  equipment  AMAL.  In  other  areas,  clinical  capability  was  increased 
by  the  addition  of  items  not  currently  stocked.  For  example,  the  heavy  plaster  casting  bandages 
were  replaced  with  lightweight,  fast-acting  polymer  splinting  material. 
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CONCLUSIONS 


It  was  demonstrated  that  significant  reductions  in  the  logistical  burden  carried  by  Marine  Corps 
forces  can  be  achieved  by  modeling  the  clinically  relevant  elements  of  the  theater  of  operations. 
Developing  clinical  profiles  and  assigning  supplies  to  achieve  a  desired  level  of  care  as  defined 
by  mission,  policy,  and  doctrine  allows  medical  support  to  be  more  scenario-based  and  more 
capable  of  rapid  and  efficient  delivery.  As  policy  and  doctrine  continue  to  evolve,  the  model 
presented  in  this  paper  can  be  modified  as  needed  to  project  medical  supply  requirements  for  the 
continually  changing  scope  of  the  forward  medical  mission. 

The  process  of  establishing  the  clinical  requirement  for  each  supply  item  produced  an  audit  trail, 
giving  logisticians  and  medical  planners  an  objective  management  tool  for  maintaining  and 
upgrading  AMAL  medical  materiel.  Historically,  periodic  reviews  were  conducted  to  specify  the 
materiel  stocked  in  the  AMALs.  This  process  required  SMEs  to  develop  materiel  estimates  based 
on  what  they  perceived  to  be  the  needs  of  a  specific  number  of  generic  patients.  Consequently, 
supply  estimates  reflected  a  subjective  interpretation  of  need  and  a  tendency  to  address  past 
scenarios  rather  than  future  operations.  By  providing  an  audit  trail  for  each  item,  the  supply 
requirements  are  clearly  linked  to  the  medical  task  requiring  them.  As  the  mission  changes,  along 
with  changes  in  medical  technology,  items  may  be  added  or  deleted  from  the  AMALs  with 
greater  assurance  that  the  materiel  will  meet  projected  operational  requirements. 

The  reductions  realized  in  the  operating  room  equipment  AMAL  639,  while  significant  in  terms 
of  weight  and  cube,  were  constrained  by  certain  factors.  In  terms  of  item  quantity,  the  surgical 
instruments,  which  consist  of  such  items  as  the  forceps,  scissors,  retractors,  and  probes,  represent 
the  overwhelming  majority  of  items.  They,  however,  represent  a  relatively  minor  portion  of  total 
weight  and  cube.  The  largest  share  of  weight  and  cube  is  attributable  to  only  3  of  the  AMAL 
639’s  226  individual  items.  These  items  are  the  autoclave  sterilizers,  the  surgical  tables,  and  the 
field  surgical  lights.  When  compared  to  the  total  capacity  of  the  AMAL  639,  they  account  for 
more  than  one  half  of  the  weight  and  cube.  To  achieve  further  reductions  in  this  AMAL,  it  is 
recommended  that  these  items  be  replaced  with  those  that  are  lighter  and  more  efficiently 
packaged.  To  ensure  that  appropriate  replacements  are  selected  during  this  period  of  changing 
policy  and  doctrine,  this  process  should  be  approached  by  first  drafting  a  mission  needs 
statement  and  developing  service-specific  operational  requirements. 
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Appendix  A  -  DEPMEDS  Patient  Condition  List 
(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 
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017  Wound  face  jaws  and  neck  open  lacerated  with  associated  fractures  excluding  spinal  fractures  severe  -  with  airway 
obstruction. 


Appendix  A  -  DEPMEDS  Patient  Condition  List 
(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 
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037  Bum  thermal  partial  thickness  head  and  neck  greater  than  5%  but  less  than  10%  of  total  body  area  and/or  eye  involvement. 

038  Bum  thermal  partial  thickness  head  and  neck  less  than  5%  of  total  body  area  and  no  eye  involvement. 


Appendix  A  -  DEPMEDS  Patient  Condition  List 
(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 


O 

I— I 

H 

Oi 

Pi 

u 

c/} 

W 

Q 

U 

cu 


0 

(D 

0 

d) 

• 

0 

0 

.s 

♦■N 

a> 

0  0 

d> 

3  'S’ 

X 

« ‘z: 

•r* 

^  0 

0  0 
d>  0 

0  (U 

^  0 
a  ^ 

^  CO 

PM  0 

3  > 

0  > 

^  "o 
^  > 

«  o 

g  « 

^  .1-1 

5?  (D 

t  t 

i3  >% 
o  ^ 

0  0 

§ 

t  I 
g  >  J 

<u 

U-( 

> 

<D 

c/3 

;=5 

c/3 

CO 


73 

CO 

:3 

fi 

o 

CO 

O 

s 


a 

d) 

I 

Xi 

(D 

Vh 

O 

S 

W) 

c 


§ 


2 

(L> 

O 

S 


(an  3 
«  « 
►  « 

«  Sf 

CO  A 
**1* 

§  « 

C  GO 

s  s 

u 

OS  OS 
2  2 
a  a 

0  0 

!s*!^ 

pS  a 

3  3 

^  w 

GO  GO 

A  0 

> 


0 

O 

0) 


w 

0  0 
2 

w 

0 

0 

O 

0 

0 

o 

2 

o 

.2 

3 

CO 

0 

> 

^  0 
a  £ 

0 

p0 

0 

o 

w  .ti 
2  ^ 

2 

-o 

(U 

o  a 

•TS 

0 

0 

.2 

a> 

CO 

o 

1.H 

d> 

a>  0 

0 

O 

TS 

0 

0^ 

0 

i  s 

00 

0 

(D 

0 

0 

O 

(U  W 

X) 

c  « 

0 

d) 

3 

0 

O 

O  i 

IS 

.iip 

Cm 

P0 

•M 

CO 

O 

yiM^ 

o 

cr 

2 

a 

5  * 

M 

o 

0 

> 

•tS  M 

bo 

*0 

1 

00 

^  .S 

^0 

’3 

(D 

CO 

3 

I 

I 

(U 

s 

o 

1 

03 

3 

& 

0 

O 

C+H 

O 

CO 

2 
s 

4-» 

I 

00 

c 


CQ  OQ  Plh 


O 

eu 


o^Ot-Hr^^m'^^/)vor^ooo^o^ 

ooooooooooooo 


rvifO'^mvor^oo  os 

An 

ooooooo  o 


060  Wound  fingers  open  lacerated  contused  crushed  with  fracture(s)  of  phalangeals  requiring  rehabilitation. 

061  Crush  injury  upper  extremity  severe  -  limb  not  salvageable. 
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084  Injury  lung  closed  (blast  crush)  with  pneumohemothorax  moderate  -  one  lung  with  pulmonary  contusion  and  respiratory 
distress. 
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103  Wound  abdominal  cavity  open  with  penetrating  perforating  wound  of  liver  major  damage. 

104  Wound  abdominal  cavity  open  with  penetrating  perforating  abdominal  wound  with  lacerated  liver. 


Appendix  A  -  DEPMEDS  Patient  Condition  List 
(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 
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Wound  knee  open  lacerated  penetrating  perforating  with  joint  space  penetration  articular  cartilage  damage  no  bone  injury. 
Fracture  closed  tibia  and  fibula  shaft  all  cases. 
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Bum  thermal  superficial  lower  extremities  and  genitalia  greater  than  30%  but  less  than  40%  of  total  body  area  involved. 
Bum  thermal  superficial  lower  extremity  and  genitalia  greater  than  15%  but  less  than  30%  of  total  body  area  involved. 
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MIW  abdomen  with  penetrating  perforating  wound  of  colon  and  spleen. 
MIW  abdomen  with  penetrating  perforating  wound  of  colon  and  liver. 
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Appendicitis  acute  with  perforation  rupture  peritonitis. 
Appendicitis  acute  without  perforation  rupture  peritonitis. 
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221  Conjunctivitis  severe  all  cases. 

222  Conjunctivitis  moderate  all  cases. 
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246  Diarrheal  disease  moderate. 

247  Upper  gastrointestinal  hemorrhage  gastritis  or  ulcer. 
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271  Sexually  transmitted  diseases  (STD)  complicated. 

272  Glomerulonephritis  acute. 
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(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 
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296  Not  assigned. 

297  Tubal  pregnancy  all  cases. 
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(Potential  forward  resuscitative  surgical  candidates  are  listed  in  bold-faced  type) 
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321  Dislocation/subluxation  temporomandibular  joint  without  fracture  acute  initial  injury. 

322  Fracture  mandible  with/without  oral  laceration  without  airway  involvement  unstable  severe  requiring  open  reduction. 
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346  Eye  wound  directed  energy  induced  (laser)  severe  of  macula  and/or  optic  nerve  with  vitreous  blood  severe  visual  loss  one  or 
both  eyes. 
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Operating  Room  Equipment  Sets 
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65 1 5003632700  Saw  Bone  Cutting  Wire  Twist  Drill  20” 

6530007940300  Tray  Instrument  Rectangle  20.6x1 2.6x4”  Neutral  Sz  5 

6530007940000  Tray  Instrument  Rectangle  15.5x0.5x2”  Tyll  Sz  3  CRS 
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